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Abstract
Event knowledge, a person’s understanding of patterns of activities in the world, is crucial
for everyday social interactions. Atypical event knowledge could contribute to social
communication problems, which are prominent in autism spectrum disorder. Previous
research has found atypical event knowledge in autistic individuals; however, research is
minimal. In two studies, the relationship between event knowledge and autistic traits, namely
social abilities, was investigated. I predicted associations between atypical event knowledge
and poorer social abilities. In Study 1, lower social ability correlated with more atypical
ordering of event activities. In Study 2, for atypical activity ordering, a relationship was
found between social ability and the social nature of events. No significant results were
found for other measures of event knowledge. These findings suggest a relationship exists
between autistic traits, namely social abilities, and event activity ordering, but does not exist
for other areas of event knowledge in the general population.

Keywords
event knowledge, events, autism spectrum disorder, autistic traits, social communication,
social ability, graph theory, network science
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Lay Summary
People know about different patterns of activities in the world around them, called events.
Knowledge of events helps us talk with and understand other people. Autistic people have
problems with social communication. This could be because they have odd knowledge of
events. I found that when people with worse social skills put activities in the order of how
they would do them, their ordering was less common than people with better social skills.
Also, I found that their ordering changed because of how much social behaviour is part of an
event. However, people with worse social skills did not say more activities overall, or say
less important activities, than people with better social skills. This means people with worse
social skills order activities in a less common way, but otherwise do not show odd knowledge
of events.
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Chapter 1
1

Introduction
Throughout our lives, we experience a plethora of situations and events as they

continuously occur in the world around us. We take part in common occurrences on a daily
basis, including getting ready for work or school, writing an email, and brushing our teeth.
Still commonplace but occurring less often, we experience events such as going grocery
shopping, going to the movies, attending a friend’s birthday party, and spending a day at the
beach. We are also likely to reach specific milestones, such as going to our high school
graduation, or experience significant life events, including attending a wedding or a funeral.
Although we may not personally take part in some events or situations, we can experience
them vicariously, such as through stories from family and friends, or watching and listening
to media. Fundamentally, we must be able to understand our environments to interact with
them, and retain knowledge of the patterns of activities that constitute a given situation. This
knowledge of meaningful patterns of behaviours and activities in the world is called event
knowledge.
Given the significance of event knowledge, it is valuable to understand how this type
of knowledge is represented in the mind. Due to the social nature of many of our
environments, comprehending the relationship between event knowledge and social
communication is also crucial. In particular, it is important to investigate how atypical event
knowledge may relate to social communication deficits, such as those associated with autism
spectrum disorder (ASD). As a result, in this thesis, my main goal was to assess the interplay
between event knowledge and characteristics of autism spectrum disorder, particularly social
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abilities. My secondary goal was to provide further insights into the general structure of
event knowledge in the mind.
1.1

Event Knowledge
Ideas regarding how event knowledge is organized in a person’s mind have

theoretical roots in Bartlett’s (1932) theory of schemas, which he defined as the organization
of previous experiences that influence how people recall past information and interpret new
information. Over time, theories within the event knowledge literature have been presented in
terms of similar concepts, such as frames (Minsky, 1974), scripts (Schank & Ableson, 1977),
and hierarchical schemas (Rumelhart & Ortony, 1977; Rumelhart, 1980). There has been
notable controversy surrounding the organization of event knowledge in memory,
particularly concerning the temporal structure of an event – how the mind represents the way
in which an event unfolds over time.
One such theory suggests that the temporal structure of an event is represented in the
mind by a linear chain of activities, with one activity occurring before the next activity, and
so on. This idea is captured transparently by the notion of scripts, the knowledge of
sequences of actions (Schank & Abelson, 1977). Under this theory, people's knowledge of
events is said to follow a stereotypical sequence of actions or activities within an event,
acquired through direct experience or vicariously. A classic example is Schank and
Abelson’s (1977) restaurant script, involving entering, ordering, eating, and exiting. For
instance, while “ordering”, a person receives a menu, looks at the menu, decides what to
order, and gives their order to a waiter. Schank and Abelson (1977) argued that there are
strong temporal links between actions within an event (e.g., a person must enter the
restaurant before ordering). Intuitively, this makes sense as events unfold over time. Some
events have causal links between their activities, and therefore the activities must be
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performed in a linear fashion. For instance, when changing a flat tire, a person must loosen
the lug nuts before being able to remove them, and later must put on the new tire before
fastening the lug nuts on again.
Accordingly, some support has been found for a linear temporal chain representation
of event knowledge. Bower et al. (1979) found that people generally agree on the overall
order in which activities should occur. Additionally, they presented participants with
sequences of activities that had their typical order mostly intact, but with a few activities far
out of order. When later asked to recall the activities in the presented order, participants were
more likely to report activities in their typical order rather than the incorrect order in which
they were presented, suggesting that event activities are linearly, temporally ordered in the
mind (Bower et al., 1979). Similarly, after reading mis-ordered stories, both adults and
children are more likely to recall stories in their typical order (Kintsch et al., 1977; Mandler
& DeForest, 1979). Results from more recent studies assessing the temporal organization of
activity sequences have also supported a linear chain representation of event knowledge (van
der Meer et al., 2002; Raisig et al., 2007; Drummer et al., 2016).
However, events tend to be more complicated than a linear chain theory would
suggest. Pairs of activities within an event often lack causal links, or at the very least, there is
not always a specific order in which activities must play out or be followed. Similarly,
separate instances of an event may not unfold in the same way. Parts of an event may be
optional, and not occur during every instance of an event. For example, a person may choose
to eat an appetizer while going to a restaurant on one occasion but may forgo an appetizer on
the next. As a result, an alternative theory of the structure of event knowledge suggests that
events are organized hierarchically in the mind. Rumelhart and Ortony (1977) introduced the
concept of hierarchical schemas, which posits that knowledge is organized into schemas, and
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subschemas within them, which further contain units that can represent variable objects.
Schemas also contain information about relationships between their subschemas and units.
Ghosh and Gilboa (2014) suggested that schemas would need to be hierarchically organized
to contain information as complex as response information (such as action sequences within
an event). Under this notion, an event would be comprised of central scenes (subschemas) of
activities, and variable but related activities (units) within those scenes. For example, a
hierarchically organized representation of going to a restaurant could contain the scenes:
entering, ordering, eating, paying, and exiting. Within the “ordering” scene, the activities
“ordering a drink”, “ordering a meal”, and “ordering dessert” might be present. These
activities are variable, as a person could substitute the type of drink or food they order,
choose not to order dessert at all, and so on.
In fact, some studies have failed to find support for a strictly linear chain
representation of event structure, but rather their evidence suggests a hierarchical
organization theory of event knowledge. Galambos and Rips (1982) asked participants to
identify whether specific activities belong in an event. They hypothesized that activities
occurring closer to the beginning of the event would be identified more quickly if events are
represented linearly because activities closer to the beginning would be accessed in memory
prior to those closer to the end. Instead, participants were not more likely to identify earlier
activities more rapidly, but rather the importance of the activity (how central it is to the
event) led to faster identification. Galambos and Rips (1982) concluded that this supported a
hierarchical organization of event knowledge. Additionally, people are likely to agree on how
activity sequences can be segmented into scenes (Bower et al., 1979), as well as recall more
scene-level activities than sub-scene activities in stories (Black & Bower, 1980).
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Regardless of how the temporal order of events is structured in the mind, having this
knowledge is understandably essential to many aspects of our lives. For instance, we use
event knowledge to make inferences about actions and goals in narratives (Graesser et al.,
1994; McKoon & Ratcliff, 1992). Similarly, both adults and infants use event knowledge to
perceive actions (Gao & Scholl, 2011; Johnson et al., 2008). Event knowledge is employed
when predicting ensuing actions or boundaries of an event (Eisenberg et al., 2018;
Radvansky & Zacks, 2017). A person’s perception of their own actions can be impacted by
event knowledge, and this knowledge can guide planning of future behaviour (Zacks &
Tversky, 2001). Additionally, event knowledge is used extensively during language
comprehension (van der Meer et al., 2002; Metusalem et al., 2012). Broadly, we use event
knowledge to understand current situations, perceive and plan actions, make predictions and
inferences, and communicate with others.
Notably, many of the aforementioned behaviours that employ event knowledge are
essential for social interaction and communication. For instance, we use language to interact
with each other. We also commonly make inferences based on a person’s words, and
recognize intentions behind a person’s actions. In addition, we plan our own behaviours to be
socially appropriate (hopefully) and predict what other people will do next in a given
situation (whether it is appropriate or not). Event knowledge assists us in these areas, among
other aspects of social communication. Broadly, we employ our prior knowledge to
understand current and future social interactions. Given its importance, it is likely that
impaired event knowledge would cascade into further problems associated with these
processes and behaviours. It is therefore possible that impaired, or atypical, event knowledge
plays a substantial role in social communication difficulties, such as those associated with
ASD.
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1.2

Autism Spectrum Disorder
ASD is a neurodevelopmental disorder that has a strikingly high prevalence rate of 1

in 66 (Ofner et al., 2018). It is diagnostically characterized by social communication deficits,
as well as the presence of repetitive behaviours and/or restricted interests (American
Psychiatric Association (APA), 2013). The social communication domain consists of three
diagnostic components that have been widely documented in the ASD literature. The first
diagnostic criterion of this domain involves deficits in social-emotional reciprocity, for
instance, autistic individuals show a deficit in joint attention, which includes sharing interest
in an object, event, or idea (Charman & Stone, 2008). They also experience prosodic deficits,
and have difficulty understanding others’ intonation, verbal irony (sarcasm), and humour
(Emerich et al., 2003; Nakai et al., 2014). As well, autistic children display impairments
related to taking turns in conversation (Choi & Lee, 2013; Tager-Flusberg et al., 2005). The
second diagnostic component includes deficits in non-verbal communication used for social
interactions. For example, autistic individuals use fewer gestures in communication (Attwood
et al., 1988) and their gestures are less synchronized with their speech than typically
developing individuals (de Marchena & Eigsti, 2010). Additionally, difficulty in maintaining
eye contact is common in ASD (Senju & Johnson, 2009). Lastly, deficits in developing,
maintaining, and understanding relationships is a diagnostic criterion of social
communication deficits in ASD. Social interaction is generally challenging or stressful for
autistic individuals, and this often leads to difficulty in making friends and maintaining
friendships (Fein, 2015; Orsmond et al., 2004). Beyond diagnostic criteria, other social
communication issues are evident in ASD, including difficulties with inferring thoughts and
mental states of others (theory of mind; Baron-Cohen & Swettenham, 1997).
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Autistic individuals have shown additional deficits in other areas related to event
knowledge. For instance, children with ASD have impairments in predicting ensuing actions.
Zalla et al. (2010) showed participants videos of actions being performed (such as “slicing an
apple”) with the video being cut off preceding the action’s completion. Compared to
typically developing (TD) children, those with ASD were less accurate in identifying what
the final action should be (Zalla et al., 2010). Similarly, autistic children are more likely to
fail at specifying goals in narratives (Goldman, 2008). Autistic children also have been found
to experience greater difficulty than TD children in bridging a causal inference between two
activities in a social event script. For example, in a script describing a person going to the
swimming pool, and then becoming angry that he was not allowed to swim, autistic children
were less likely to select a correct choice that bridges the two ideas (e.g., the person left their
swimming suit at home, or the pool was being cleaned; Dennis et al., 2001). Similarly,
research suggests that autistic children have difficulty making inferences based on context in
narratives (Nuske & Bavin, 2011).
Based on previous work investigating how event knowledge exists in the mind of
autistic individuals, it appears that this knowledge is atypical in the ASD population. Some
autistic individuals display impaired knowledge of temporal-causal order when describing
what happens during a given event, such that they did not mention activities in the order they
would be expected to occur (Loth et al., 2008). As well, autistic children mentioned fewer
central activities of an event, compared to TD peers (Volden & Johnston, 1999). Conversely,
autistic children overly focus on details in an event, such as when they list all of the food
options that someone could eat at a restaurant (Loth et al., 2008). While rare, they were also
more likely to mention inappropriate actions, such as stripping the bed and washing laundry
when discussing a restaurant event, compared to TD peers (Loth et al., 2008). Similarly,
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autistic children are less able to identify acts as inappropriate when they are introduced into
an event (Volden & Johnston, 1999). Finally, both autistic adults and children are more likely
to incorrectly rate the frequency of variable activities occurring in an event (Loth et al., 2008;
Loth et al., 2010). For instance, they indicated that “having dessert” occurs at every meal,
instead of the expected answer of occurring only at certain meals, which contrast with the
responses of TD individuals. However, the quality of event descriptions of autistic
individuals can vary, and they are sometimes more rigid, including fewer variable actions
(Trillingsaard, 1999).
In sum, autistic individuals display atypical event knowledge, and social
communication difficulties in this population are substantially apparent. However, there is a
minimal amount of research exploring event knowledge and ASD. Research examining how
the mental organization of event knowledge relates to impaired social abilities in ASD is
even rarer. As such, the relationship between the structure of event knowledge in the mind,
autistic symptomatology, and social abilities needs to be investigated further.
1.3

Graph Theory
The structure of event knowledge has recently been examined in the general

population by using network analyses from graph theory (McRae et al., 2019; Brown et al.,
2020). Graph theory (or network science) involves using graphs to model dynamics or
relationships among objects. Graphs generally are composed of nodes (the objects) which are
connected by edges (links between the objects). They can be used to represent a variety of
structures, including the World Wide Web, a social network of friends, and transportation
systems (Menczer et al., 2020).
A graph can be either undirected or directed, depending on whether there is a
directional relationship between its nodes. For instance, a graphical representation of the
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Internet would consist of complex physical connections between computers and related
devices across numerous locations in the world (Newman, 2018). The overall physical
connections between cables and routers of these devices are undirected (two computers, if
connected, are connected in both directions). However, the digital connections, or hyperlinks,
of the World Wide Web, are directed – a specific webpage on the internet may link to
another webpage, but that webpage may not link back (Newman, 2018). Additionally, graphs
can be weighted, meaning the edges between nodes can take on numerical weights. For
example, if one webpage linked to another webpage multiple times, that edge would have a
higher weight than if the webpages had only one link between them. Conversely, unweighted
graphs do not take edge weights into account.
Other structural features of a graph can be investigated to further understand the
relationship between nodes. For example, node degree, which is the number of neighbouring
edges that connect to the node, can be computed for each node (Menczer et al., 2020). For
directed networks, it is possible to differentiate between the number of incoming edges (indegree) and the number of outgoing edges (out-degree) of a node (Newman, 2018). A
graph’s linearity, the extent to which the graph can be represented as a linear chain of nodes,
can be determined by looking at the average degree of the overall graph. Comparably, a
graph’s modularity can be calculated, which is the extent to which nodes can be grouped into
communities. The nodes within a community are more closely linked to each other than to
nodes outside of the community. Communities of nodes in a graphical representation of the
World Wide Web might indicate groups of highly interconnected websites (Newman, 2018).
For example, news websites would be highly interlinked with each other and form a
community. Baking and recipe blogsites may also represent their own strongly
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interconnected community, but have only extremely weak links to the news website
community.
Centrality also is a commonly used measure in network science. There are multiple
centrality measures that can be used to assess the importance of each node within a graph.
PageRank is essentially a measure of a node’s popularity, and reflects the number and
importance of the nodes that link to a given node. PageRank was originally created as an
algorithm for ranking webpages for Google search results (Menczer et al., 2020; Page et al.,
1999). A node (or webpage) with high popularity has many other important nodes (or
webpages) linking to it. CheiRank measures how communicative a given node is (Coquidé et
al., 2020; Zhirov et al., 2010), essentially how influential it is. CheiRank is the complement
of PageRank, in that CheiRank reflects the number and importance of nodes to which a given
node links. A node (or webpage) with high influence would link to many other important
nodes (or webpages). Lastly, 2DRank is a combination of PageRank and CheiRank (Coquidé
et al., 2020; Zhirov et al., 2010). 2DRank combines popularity and influence of a given node.
A node (webpage) with high 2DRank has many important nodes (webpages) linking to it,
and it links to many important nodes (webpages).
In the case of event knowledge, a graph can represent the temporal relationships
among activities within an event. The graph’s nodes are the activities that comprise an event,
and the edges are links between activities (i.e., a temporal link). Event graphs are directed
because they display how a given activity precedes or follows another activity. Linearity can
be calculated to determine whether event structure is a chain of activities, which would
support a linear chain theory of event knowledge. On the other hand, modularity can also be
calculated to establish whether there are communities of nodes that represent thematic scenes
within events, which would provide evidence for a hierarchical organization of event
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knowledge. As well, centrality measures can be computed to determine popular and
influential activities within an event. In fact, McRae et al. (2019) showed that graph theory
can be applied to people's knowledge of events, and that these measures are sensitive to the
temporal structure of events. Consequently, in this thesis, I used network science analyses to
investigate event knowledge.
1.4

The Current Study
Event knowledge plays an important role in numerous aspects of our lives, including

social interactions. Given that autistic individuals demonstrate issues in social
communication, it is crucial to understand how event knowledge might play a role in the
difficulties experienced by these individuals. Previous work suggests that autistic individuals
have atypical event knowledge, however there is limited research in this area. Therefore, the
current study aims to investigate how event knowledge may relate to traits associated with
ASD, particularly poorer social abilities. Given recent work indicating that graph theory is an
effective technique to examine event knowledge, I employed network analyses in the current
study to provide further insight into the structure of event knowledge in the mind.
Two studies were conducted to address these aims. In both studies, I took a
mechanistic approach based on the Research Domain Criteria (RDoC) framework to consider
the entire range of levels of autistic traits. The RDoC framework aims to identify and
investigate the mechanisms underlying and contributing to individual symptoms across
diagnoses, and spanning from clinical to sub-clinical levels of severity (Cuthbert & Insel,
2013). As such, participants did not require an ASD diagnosis for the current study.
In Study 1, I focused on the temporal structure of events by providing lists of
activities to participants and asking them to order the activities. I correlated activity ordering
with autistic traits, in particular, social abilities. I hypothesized that atypical event activity
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ordering would correlate with a higher level of overall autistic traits and poorer social
abilities. I also predicted that atypical event activity ordering would be specifically related to
social abilities. That is, atypical activity ordering would not correlate with repetitive
behaviours in ASD, nor would it correlate with measures of other clinical disorders.
In Study 2, instead of providing activity lists, I asked participants to produce the
activities that they thought are part of a given event, to more comprehensively assess their
event knowledge. As well, I took into account how ‘social’ the events were, to assess
whether event knowledge differed depending on the social nature of the event. I hypothesized
that individuals with low social ability would have more atypical or poorer event knowledge
than individuals with high social ability, and that this difference would become more
apparent as the events became more social in nature. If there was a difference in a measure of
event knowledge between individuals with high and low social ability, I predicted that
differences would not be apparent for high versus low levels of repetitive behaviours, nor for
high versus low levels of other clinical traits.
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Chapter 2
2

Study 1 – Ordering of Event Activities

2.1

Introduction
Because event knowledge is vital for social communication, and social

communication is impaired in ASD, I sought to further understand the structure of event
knowledge in the mind and its relation to autistic traits, particularly social communication
abilities. Due to competing theories regarding the temporal structure of event knowledge, I
aimed to explore this area using graph theory. Additionally, to further elucidate the temporal
nature of events, I chose to focus on how people order activities within events.
Participants were provided with a list of activities corresponding to a given event, and
asked to put the activities in chronological order. I hypothesized that event graphs created
from participants’ responses would not be composed of strict linear chains, rather, they
would be varied in their structure. Participants also completed questionnaires to assess levels
of autistic traits, including social abilities and restricted, repetitive behaviours. I hypothesized
that a higher level of overall autistic traits, and poorer social ability, would be associated with
more atypical ordering of activities within events, while event ordering would not correlate
with repetitive behaviours. Additionally, levels of other clinical traits were assessed to
determine whether atypical event knowledge is specific to the social aspects of ASD or is a
more general clinical issue. Accordingly, I predicted that atypical event knowledge, as
exhibited by atypical ordering, would be specific to autistic traits, and therefore would not
correlate with other clinical traits.
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2.2

Methods

2.2.1

Participants
One hundred, forty-five participants were recruited for an online study through the

University of Western Ontario’s Psychology Participation Pool in exchange for course credit.
Five participants were excluded from analysis because it was suspected they were not
following instructions (see Analyses). The final sample of 140 participants ranged in age
from 17-22 years (M = 18, SD = 1), and 100 participants (71%) were female. All participants
self-reported that they were English speakers.
2.2.2

Materials and Design
Stimuli consisted of normed data from McRae et al. (2019), who asked participants to

provide up to 12 steps, or activities, involved in carrying out 81 commonplace events. In their
study, events were chosen to achieve variability in the temporal length of events and the
consistency of their temporal structure. For instance, the event making a sandwich is
temporally shorter than spending a day at the beach. As well, the temporal structure of going
on a picnic is less constrained than changing a flat tire. Approximately 25 participants with a
Master qualification on Amazon Mechanical Turk produced steps for each event. The study
was conducted using Qualtrics (Qualtrics Lab Inc., 2019), and participants typed their
responses. Responses that referred to the same activity but were worded differently across
participants were reworded to standardize responses. For example, for the event taking
money out of an ATM, “get bank card out” and “take bank card out of wallet” were coded as
“take out bank card”.
For the present study, activities were included if at least two participants from McRae
et al. (2019)’s study mentioned that activity, and the activities were not redundant. For
instance, for the event going to a professional baseball game, the activities “go to stadium”
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and “drive to stadium” were considered redundant. The number of activities per event was 28
on average, and ranged from 17-39 activities. The 81 events were split into seven lists, each
containing 10-12 events. These lists were created to achieve an approximately equivalent
number of activities within each list (324-326 total activities per list) so that participants
would receive the same amount of work. See supplementary material in Appendix F for the
seven event lists.
2.2.3

Procedure
Study protocols were approved by the University of Western Ontario’s Non-Medical

Research Ethics Board. The study was conducted using the online survey software, Qualtrics
(Qualtrics Lab Inc., 2019). Participants completed the study on a device and in a location of
their choosing. A letter of information was provided at the beginning of the Qualtrics survey,
and participants were informed that continuing onto the next page of the survey would
indicate their consent.
Each participant received one of the seven lists of events, resulting in each list being
completed by 20 participants. Events were randomly presented one at a time, each on a
separate Qualtrics page. Participants were presented with the name of one event and an
empty box, along with a list of activities for each event in a separate “Items” box (see Figure
1 for an example). The activity list corresponded to the given event, but the order of the
activities was randomized. Participants were asked to order the activities in the “Items” box
in the order in which they would engage in them for this event. They were instructed to select
an activity, and drag and drop it into the empty box under the event name. After dragging
activities into the box, participants were able to rearrange them if desired. Participants were
told that “the first item should be the activity that [they] would engage in first and the last
activity should be the one that [they] conclude the event with.” Before the Qualtrics software
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would allow participants to move onto the next page, they were required to finish answering
the current event by including all the activities in their ranking.

Figure 1: A partially completed example response for the event writing an email.
After ordering the activities of each event, participants were asked to rate how
familiar they were with the given event on a scale from 1 (not familiar at all) to 7 (very
familiar). They were informed that familiarity refers to the degree to which they have heard
of the event or have knowledge of it. As well, participants were asked to indicate how much
direct personal experience they had with the event, meaning how much they have personally
engaged in the event in the past, on a scale from 1 (have never done it personally) to 7 (have
done it many times).
Following the event ordering task, participants completed self-report questionnaires
measuring various traits.
2.2.3.1 Autistic Trait Questionnaires
Autism-spectrum Quotient. The Autism-spectrum Quotient (AQ), a wellestablished measure of autistic traits in the broader population, was used to assess
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participants’ level of autistic traits (Baron-Cohen et al., 2001). The AQ is a 50-item selfreport questionnaire that considers five factors associated with ASD: social skills, attention
switching, attention to detail, communication, and imagination, and provides four response
options (definitely disagree; slightly disagree; slightly agree; definitely agree).
Approximately half of the items are phrased to elicit an “agree” response from an individual
with a high level of autistic traits, including “I frequently find that I don’t know how to keep
a conversation going” and “I prefer to do things the same way over and over again.” The
other half of items are phrased to elicit a “disagree” response from an individual with a high
level of autistic traits. For example, “In a social group, I can easily keep track of several
different people’s conversations” and “It does not upset me if my daily routine is disturbed.”
In addition to a total score, scores can be calculated for each of the five subscales. A higher
score corresponds to a higher level of autistic traits. Cronbach’s alpha (α) for the AQ is .79
(Stevenson & Hart, 2015). Internal consistency varies between the subscales: social skills (α
= .75), attention switching (α = .61), attention to detail (α = .56), communication (α = .62),
and imagination (α = .46).
Multidimensional Social Competence Scale. The Multidimensional Social
Competence Scale (MSCS) is a 77-item self-report questionnaire used to measure a person’s
social competence (Yager & Iarocci, 2013). Seven domains of social abilities are considered:
social motivation, social inferencing, demonstrating empathic concern or empathy, social
knowledge, verbal conversation skills, nonverbal sending skills (e.g., body language), and
emotion regulation. Questions are rated using a five-point Likert scale (not true or almost
never true; rarely true; sometimes true; often true; very true or almost always true).
Example items include, “I smile appropriately in social situations (e.g., if given a
compliment, greeting someone, in response to someone smiling at me)” and “I disagree with
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people without fighting or arguing.” Scores can be calculated for the total questionnaire and
each subscale. A higher score indicates higher levels of social competence. There is good
internal consistency for the total MSCS (α = .89), as well as the subscales, with α ranging
from .74 to .86 (Trevisan et al., 2018).
Repetitive Behaviour Questionnaire. The Adult Repetitive Behaviour
Questionnaire-2 (RBQ-2A) was used to assess the frequency of restricted, repetitive
behaviours and insistence on sameness (Leekam et al., 2007; Barrett et al., 2018). Four main
factors of this domain are considered: repetitive motor movements, rigidity or adherence to
routines, restricted interests, and unusual sensory interests. The RBQ-2A consists of 20
items, each of which is scored on either three- or four-point scales. For example, the item
“Do you have a special interest in the feel of different surfaces?” is scored on a three-point
Likert scale (never or rarely; mild or occasional; marked or notable). The item “Do you like
to arrange items in rows or patterns?” is scored on a four-point scale based on the frequency
of the behaviour (never or rarely; one or more times daily; 15 or more times daily; 30 or
more times daily). A total score and four subscale scores can be calculated, and higher scores
indicate higher levels of repetitive behaviours. The total RBQ-2A score has an internal
consistency of .83 (Barrett et al., 2018).
2.2.3.2 Additional Clinical Trait Questionnaires
Additional questionnaires assessing a variety of clinically relevant traits were given to
participants to determine whether less typical event knowledge is specifically related to
autistic traits, rather than more general clinical problems.
Spence Anxiety Scale. A version of the Spence Children’s Anxiety Scale (SCAS;
Spence, 1998) adapted for adults was used to identify forms of anxiety and anxiety disorders,
which are characterized by excessive worry or uneasiness (APA, 2013). The SCAS assesses
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six forms of anxiety: generalized anxiety, panic/agoraphobia, social phobia, obsessivecompulsive disorder, and fears of physical injury. The SCAS contains 44 questions and uses
a four-point scale (never; sometimes; often; always). 38 items relate to specific symptoms of
anxiety disorders, and 6 items are positively worded filler items. The adult adaptation
includes several phrasing changes that refer to work (in addition to school) to be more adultoriented (item 10, “I worry that I will do badly at my school or job”; item 16, “I have
trouble going to work or school in the mornings because I feel nervous or afraid”; item 35,
“I feel afraid if I have to talk in front of my class or co-workers”). Additionally, one question
refers to family instead of only parents (item 8, “I worry about being away from my friends
and family”). A total score and six subscale scores can be calculated, and higher scores
reflect higher anxiety levels. Internal consistency of the total SCAS (children’s version) is
.92, while α for the different forms of anxiety ranges from .60 to .82 (Spence, 1998).
ADHD Scale. The Adult ADHD Self-Report Scale (ASRS-v1.1; Kessler et al., 2005)
is an 18-item questionnaire that measures symptoms of attention-deficit/hyperactivity
disorder (ADHD), a neurodevelopmental disorder associated with attention problems and
hyperactive behaviours (APA, 2013). The ASRS uses a five-point Likert scale (never; rarely;
sometimes; often; very often). Example items include, “How often do you have trouble
wrapping up the final details of a project, once the challenging parts are done?” and “How
often are you distracted by activity or noise around you?” Scores can be calculated for two
domains (inattention and hyperactivity) as well as a total score. A higher score indicates a
higher level of ADHD symptoms. Internal consistency for the ASRS is good (α = .89; Adler
et al., 2006).
Schizotypal Personality Questionnaire. The Schizotypal Personality Questionnaire
(SPQ) was used to assess symptoms of schizotypal personality disorder (Raine, 1991).
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Schizotypal personality disorder is characterized by cognitive and perceptual distortions and
a pattern of discomfort with close relationships (APA, 2013). The SPQ assesses nine traits of
the disorder (ideas of reference, excessive social anxiety, odd beliefs or magical thinking,
unusual perceptual experiences, odd or eccentric behaviour, no close friends, odd speech,
constricted affect, and suspiciousness). It is a 74-item questionnaire that uses a dichotomic
response format (yes/no). Items include “Are your thoughts sometimes so strong that you can
almost hear them?” and “People sometimes comment on my unusual mannerisms and
habits.” Scores can be calculated for the total SPQ and each of the nine subscales, and higher
scores indicate higher levels of schizotypal traits. Internal consistency for the total score is
high at .91, while α ranges from .66 to .81 for the subscales (Raine, 1991).
2.2.4

Analyses
Five participants were excluded prior to analyses because it was suspected that they

did not put effort into completing the task as instructed, but instead randomly ordered steps
within the events. For example, these participants produced orders such as “go to car”, “go to
checkout”, “load car”, “exit store” for the event going grocery shopping. This type of
ordering does not make sense under any circumstances. One of the 81 events (going to the
dentist to get a cavity filled) was excluded from analyses due to two of its activities being
incorrectly phrased (“get teeth cleaned” was inputted as “get teeth” and “exit chair” was
inputted as “exit chain”), which may have influenced participants’ ordering.
To analyze each event, I employed network analysis techniques using the Python
programming language (v.3.6; Python Software Foundation, 2016). A network, or graph, was
produced for each event by inputting all sequential pairs of activities, thereby retaining each
participant’s ordering of the activities. The graphs were directed (because the order of
activities was considered) and weighted (because the number of participants that provided
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each sequential pair was taken into account). These graphs allowed for a visual
representation of the temporal structure of each event based on all participants’ activity
ordering.
Based on the event graphs, I calculated several network properties for each event. The
mean unweighted degree, a count of the number of edges between nodes (i.e., links between
activities) in a graph, was used to assess how temporally constrained an event is, that is, the
linearity of the temporal structure of the event. Modularity, the extent to which nodes
(activities) can be grouped into separate communities, assessed whether thematic scenes were
present within the events. Measures of centrality (PageRank, CheiRank, and 2DRank) were
calculated and used to assess nodes that are central to the graph, and thus important for the
event to occur.
To look at how event knowledge differed at an individual participant level, an
average (consensus) ordering for each event was created. I used Borda Count rank
aggregation, a consensus-based voting method that is commonly used to rank voting
preferences for candidates in an election or an award ceremony (Lippman, 2012). In the case
of an event, the first activity ordered by a participant is considered to be ranked at the top of
their list, while the last activity ordered by a participant is considered to be at the bottom of
their rank list (and activities in between are ranked accordingly). First, points are assigned to
each activity relative to the number of activities ranked below (with the highest ranked
activity receiving the most points) and then points are summed across all participants’
rankings, using the equation,

! (# ) = ∑$!"# !! (#)
in which Be(a) is the number of activities ranked below activity a in event e, and B(a) is the
summed total Borda score of an activity (adapted from Dwork et al., 2001). Based on total
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Borda score, the activities are then sorted in decreasing order to achieve a consensus ranking
(or order) of activities. Then I computed each participant’s deviation from the consensus
order for each event using Kendall’s tau distance metric. I averaged each participant’s
ordering deviation across all events to achieve an average deviation from consensus ordering
per participant.
Next, I compared each participant’s average ordering deviation to total trait scores
and subscale scores on the AQ, MSCS, RBQ-2A, SCAS, ASRS, and SPQ using Pearson’s r
correlations. All questionnaire scores were calculated using standard scoring procedures,
with two exceptions. The AQ was scored on a four-point Likert scale, with higher scores
indicating a higher level of autistic traits (Stevenson & Hart, 2015). The MSCS was reverse
scored to match the directionality of all other scales, such that a higher score would represent
worse social competence. One participant was removed from analyses involving the AQ total
score and subscales because they did not fully complete the AQ, but they were included in all
other analyses.
The Benjamini-Hochberg false discovery rate procedure (Q = .05) was used to adjust
for multiple comparisons on the questionnaire scales used to test our hypothesis that atypical
event knowledge is associated with poorer social abilities. These subscales include those that
represent social domains from the AQ (social skills, communication, and imagination) and all
scales from the MSCS (social motivation, social inferencing, empathy, social knowledge,
verbal conversation skills, nonverbal sending skills, emotion regulation, and total score).
Measures that I predicted would not correlate with atypical event knowledge, including the
RBQ-2A and other clinical trait scales (SCAS, ASRS, and SPQ), were not subjected to
corrections for multiple comparisons because I aimed to show that atypical event knowledge
is specific to social domains within autistic traits.
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2.3

Results

2.3.1

Event Ratings
Average familiarity for each event ranged from 2.15 to 6.75 (M = 4.79, SD = 1.27).

Average personal experience for each event ranged from 1.15 to 6.85 (M = 3.85, SD = 1.72).
2.3.2

General Event Structure
Visualization of each event in graph form indicated that there was variability in

participants’ ordering of activities. Additionally, the extent of variability in participants’
ordering differed across events. Mean unweighted degree for events ranged from 3.89 to 9.79
(M = 6.45, SD = 1.28), while a strictly linear event would have a mean unweighted degree of
1. See Figure 2 for an event with less variability in participants’ ordering of its activities, and
Figure 3 for an event with greater variability in participants’ ordering of its activities.
Modularity for events, the extent to which nodes (activities) can be grouped into
separate communities, ranged from .36 to .60 (M = .47, SD = .06). When each event graph
was compared to 100 randomly configured graphs that had the same number of nodes and
edges, and same values of edge weights, Z-scores of event graphs’ modularity ranged from
3.22 to 16.37 (M = 8.86, SD = 3.20). This comparison revealed that the event graphs were
extremely modular for graphs of their given composition. See Figure 4 for an event graph
with modular communities highlighted.
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Figure 2: Graph constructed from participants’ ordering of activities for the event
writing an email. Note. Thickness of the arrows between activities are proportional to
the number of participants that listed those activities in that order.
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Figure 3: Graph constructed from participants’ ordering of activities for the event cleaning the house. Note. Thickness and
darkness of the arrows between activities are proportional to the number of participants that listed those activities in that order.
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Figure 4: Graph constructed from participants’ ordering of activities for the event
hosting a barbecue. Note. Colours denote separate communities, for example, “planning
the event” (dark blue), “making provisions” (red), “guests arriving” (orange), “cooking
food” (purple), and “enjoying the barbecue” (light blue). Thickness and darkness of the
arrows between activities are proportional to the number of participants that listed
those activities in that order.
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Results from network centrality measures (PageRank, CheiRank, and 2DRank)
suggest that network properties are sensitive to event dynamics and able to capture
thematically important activities within events. PageRank, an algorithm that measures
popularity, reflects the number and importance of nodes that link to a given node. Within
events, an activity with a high PageRank value would be considered a popular activity to
which many activities lead. For example, “frost cake” had the highest PageRank value for the
event baking a cake (see Figure 5 for all central activities highlighted). Many important
activities can directly lead to frosting the cake, such as “remove cake from the oven” or “let
cake cool”. CheiRank, a measure of influence, works in the opposite direction, and takes into
account the number and importance of nodes to which a given node links. For an event, an
activity with a high CheiRank value would be referred to as an influential activity that leads
to many other influential activities. For example, for the event baking a cake, the activity
“choose recipe” had the highest CheiRank value. This makes sense, as many other important
activities can follow this activity, including “get recipe”, “drive to store” (to later buy
ingredients), and “gather ingredients”. Lastly, 2DRank is a combination of PageRank and
CheiRank. In terms of events, an activity with a high 2DRank value would be both popular
and influential. For instance, the activity “mix ingredients” had the highest 2DRank value for
the event baking a cake. There are many events that could immediately precede this activity,
such as “beat eggs” or “measure ingredients”, as well as many activities that could directly
follow, including “pour batter into pan” and “preheat oven.” For a complete list of events
and corresponding activities with the highest PageRank, CheiRank, and 2DRank values, see
supplementary materials in Appendix F.
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Figure 5: Graph constructed from participants’ ordering of activities for the event baking a cake, with top central activities and
their preceding and succeeding activities (if applicable) indicated. Note. Colours denote separate communities. Thickness and
darkness of arrows between activities are proportional to the number of participants that listed those activities in that order.
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2.3.3

Ordering Deviation and Traits
For means, standard deviations, and ranges of total trait scores, see Table 1.
Table 1: Descriptive statistics for questionnaire total scores (N = 140).

Questionnaire

M

SD

Range

AQa

113.60

12.38

78–154

MSCS

176.74

29.00

98–253

RBQ-2A

35.28

6.77

20–52

SCAS

38.89

16.39

9–85

ASRS

29.02

9.14

10–61

SPQ

26.36

12.89

2–63

a

N = 139 for AQ only.
Participants’ average deviation from Borda count consensus ordering ranged from .10

to .33 (Mdn = .16, IQR = .05) on a [0,1] scale. There was a significant, positive correlation
between ordering deviation and total AQ score (see Table 2 for detailed statistics of all
correlations). Ordering deviation was also significantly, positively correlated with one of the
AQ subscales that assess social abilities: communication. Additionally, ordering deviation
was significantly, positively correlated with total MSCS score, and most of the MSCS
subscales: social inferencing, empathy, social knowledge, verbal conversation skills, and
nonverbal sending skills. Ordering deviation was not significantly correlated with the AQ
subscales of social skills and imagination, nor the MSCS subscales of emotion regulation and
social motivation.
Ordering deviation was not significantly related to the AQ subscales that measure
repetitive, restricted behaviours: attention switching and attention to detail. As well, ordering
deviation was not significantly correlated with total RBQ-2A score, nor the RBQ-2A
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subscales of repetitive motor movements, rigidity, and restricted interests. Ordering deviation
was significantly, positively correlated with the unusual sensory interests subscale of the
RBQ-2A.
SCAS total scores were not significantly related to ordering deviation, nor were most
of the SCAS subscales. Ordering deviation was significantly correlated with the fear of
physical injury subscale. Ordering deviation was not significantly related to total ASRS
score, ASRS subscale scores, total SPQ score, nor SPQ subscale scores.
For a graphic representation of Pearson’s r correlations, see Figure 6. For scatterplots
showing correlations between average deviation and composite trait scores, see Figure 7 (and
see supplementary materials in Appendix F for how composite trait scores were calculated).

Figure 6: Graphical representation of Pearson’s r correlations between questionnaire
scales and average ordering deviation. Note. * denotes a significant correlation.
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Figure 7: Scatterplots showing correlations of average ordering deviation and
composite scores of (A) social ability, (B) repetitive behaviours, (C) anxiety traits, (D)
ADHD traits, and (E) schizotypal traits. Note. * denotes a significant correlation.
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Table 2: Correlation results between average deviation from consensus ordering and
questionnaire scores (N = 140).
Questionnaire
a

Pearson’s r
.21 *
.16
.20 *
.11
.16
.02
.27 *
.14
.25 *
.20 *
.24 *
.18 *
.20 *
.15
.10
-.04
.10
.16
.20 *
.03
-.03
.07
-.15
-.02
.05
.24 **
-.05
-.07
<.01
-.03
-.01
-.07
-.01
-.01
.07
.03
-.11
.13
-.16

AQ Total
Social Skills
Communication
Imagination
Attention Switching
Attention to Detail
MSCS Total
Social Motivation
Social Inferencing
Empathic Concern
Social Knowledge
Verbal Conversation Skills
Nonverbal Sending Skills
Emotion Regulation
RBQ-2A Total
Repetitive Motor Movements
Rigidity/Adherence to Routine
Restricted Interests
Unusual Sensory Interests
SCAS Total
Generalized Anxiety
Panic/Agoraphobia
Social Phobia
Separation Anxiety
Obsessive-Compulsive Disorder
Fear of Physical Injury
ASRS Total
Inattention
Hyperactivity-Impulsivity
SPQ Total
Ideas of Reference
Excessive Social Anxiety
Odd Beliefs or Magical Thinking
Unusual Perceptual Experiences
Odd or Eccentric Behaviour
No Close Friends
Odd Speech
Constricted Affect
Suspiciousness
* p < .05, ** p < .01
a
N = 139 for AQ total score and AQ subscale scores.

p
.01
.08
.04
.19
.06
.80
.01
.11
.02
.04
.02
.05
.04
.08
.26
.68
.26
.67
.02
.75
.73
.41
.08
.86
.56
<.01
.58
.40
.96
.75
.90
.39
.93
.88
.40
.70
.20
.14
.07

95% CI
[.04, .36]
[-.01, .32]
[.04, .36]
[-.06 .27]
[-.01, .32]
[-.15, .19]
[.11, .42]
[-.03, .30]
[.09, .40]
[.03, .35]
[.08, .35]
[.01, .34]
[.04, .36]
[-.01, .31]
[-.07, .26]
[-.20, .13]
[.07, .26]
[-.01, .31]
[.035, .35]
[-.14, .19]
[-.19, .14]
[-.10, .23]
[-.31, .02]
[-.18, .15]
[-.12, .21]
[.07, .39]
[-.21, .12]
[-.23, .10]
[-.17, .16]
[-.19, .14]
[-.18, .16]
[-.24, .09]
[-.17, .16]
[-.18, .15]
[-.10, .24]
[-.13, .20]
[-.27, .06]
[-.04, .29]
[-.31, .01]
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2.4

Discussion

2.4.1

Ordering Deviation and Traits
The current study was the first, to my knowledge, to investigate the ordering of

normed event activities using novel graph theory analyses. Additionally, it was first to assess
the relationship between autistic traits, namely social abilities, and event knowledge in the
general population. Importantly, an increase in atypical event knowledge, in this case, greater
deviation from the consensus ordering of activities, was found to be associated with an
increase in autistic traits. Likewise, poorer social abilities, characteristic of ASD, were
associated with less typical ordering of event activities, which supported my hypotheses.
While not heavily studied in past literature, this result is in line with Loth et al. (2008)’s
research that found lower theory of mind ability (understanding mental states of others) in
autistic children was associated with temporal ordering violations in their event descriptions.
Taken together, these results provide support for a relationship between social abilities and
event knowledge. Because event knowledge is important for social interactions, if someone
retains event information in a form that is less typical, this may affect their social abilities
and communication with others.
Conversely, ordering deviation did not significantly correlate with overall repetitive
behaviours, or many of the subscales assessing repetitive behaviours. Specifically, the
unusual sensory interests subscale of the RBQ-2A significantly, positively correlated with
ordering deviation. However, a person takes in sensory information as part of experiencing
the world, and events, around them. It is therefore not unfathomable for these domains to be
related to each other. For instance, if a person were to focus on specific sensory aspects of an
event over other aspects, they may retain atypical knowledge of the event. As overall
repetitive behaviour scores and the remainder of the subscale scores did not correlate with
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ordering deviation, this suggests that atypical event knowledge is more related to the social
domain of autistic traits, rather than the domain of restricted interests and repetitive
behaviours.
In regard to other clinical traits, ordering deviation did not significantly correlate with
overall anxiety, ADHD, or schizotypal traits. Relatedly, no significant correlations were
found between ordering deviation and any of the questionnaire subscales measuring these
traits, aside from the SCAS fear of physical injury subscale. It is unclear why a correlation
would exist between ordering deviation and fear of physical injury. I believe this may be a
spurious result, but a conclusive statement cannot be made. Overall, the nonsignificant
correlations suggest that atypical event knowledge, as measured by deviation from average
ordering of event activities, is specific to autistic traits rather than a general clinical issue.
2.4.2

General Event Structure
My secondary goal was to assess the structure of event knowledge using graph

theory. Results from graph theory analyses revealed that participants’ ordering of event
activities were varied even when the activities were provided to them. This suggests that the
temporal structure of events is not strictly linear, as would be proposed by a linear chain
theory of event knowledge. As indicated by the extreme modularity of the graphs, events
were composed of visible communities of activities. This finding signifies that network
measures are able to detect thematic scenes of events. Within these communities/scenes, the
order in which participants listed the activities differed. Taking into account both the
presence of scenes and the differing order of activities within scenes, these findings support a
hierarchical organization theory of event knowledge. A similar presence of scenes in event
graphs (and as a result, support for hierarchical organization of events) was also found by
McRae et al. (2019).
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In addition, network measures are sensitive to other event properties. Central aspects
of events were highlighted by the three centrality measures: PageRank, CheiRank, and
2DRank. These measures helped to identify popular, influential, and combined popular and
influential activities, respectively, within each event. Potentially, the most central activities
could be likened to the higher schematic aspects of an event’s scenes, while less central
activities could be representative of the more variable subunits within scenes.
2.4.3

Conclusion
In sum, the current study suggests that individuals with higher levels of autistic traits,

particularly poorer social abilities, have atypical event knowledge. Specifically, higher
overall autistic traits and poorer social abilities are associated with greater deviation from
consensus ordering of event activities. Notably, this relationship seems to be specific to
autistic traits, rather than a general clinical issue. In addition, results indicate that the
temporal structure of event knowledge in general is quite variable, and thus appear to reflect
a hierarchical organization theory of event knowledge. This work provides further support
for the use of recent innovative network science analyses in investigating event knowledge.
Significantly, it offers novel evidence for a relationship between atypical event knowledge
and autistic traits in the general population.
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Chapter 3
3

Study 2 – Production of Event Activities

3.1

Rationale
In Study 1, I assessed event knowledge by asking participants to order a given set of

activities within events. Although it is advantageous to provide participants with the same set
of (empirically derived) activities, it may also be illuminating to allow individuals to generate
their own sets of activities, permitting broader analyses using a less constrained production
task. As such, in Study 2, I investigated participants’ event knowledge by asking them to
produce, or list, their own activities for a given event. In doing so, I was able to assess
participants’ event descriptions on a variety of factors: the number of social words used, the
number of total activities, unique activities, and most central activities mentioned, and the
order of the activities.
Notably, because the types of events in which people take part can vary in their social
nature, I created sets of events that were separated into categories based on the level of social
interaction involved. This was not done in Study 1 because those events had not been created
with level of social interaction in mind.
I hypothesized that participants with a higher level of autistic traits, as measured by
poorer social abilities, would use fewer social words than participants with better social
abilities. As well, I predicted that participants with poorer social abilities would exhibit more
atypical event knowledge by mentioning a greater number of activities overall, a greater
number of unique activities, but a fewer number of central activities. Similarly, I predicted
these participants would have a more deviant ordering of activities, in comparison to
participants with better social abilities. Importantly, I hypothesized that differences in event
descriptions by individuals with low social ability compared to those with high social ability
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would be more prominent as the events’ level of social interaction increased. Lastly, I
hypothesized that if differences were found in a measure of event knowledge between level
of social ability, these differences would not be present for other clinical traits.
As done in Study 1, I chose to investigate the general structure of event knowledge
using graph theory measures in the current study. Again, I predicted that the temporal
structure of events would not be strictly linear, but rather be more variable and hierarchical in
nature.
3.2

Methods

3.2.1

Participants
One hundred, forty-two participants were recruited for an online study through the

University of Western Ontario’s Psychology Participation Pool (16), e-mail (6), and Amazon
Mechanical Turk (101). Mechanical Turk participants were considered high-quality workers
(either received a “Master’s” distinction from Amazon or completed over 1000 HITs with a
95% or greater approval rating). Participants received course credit (if applicable) or
monetary compensation. Nineteen participants were excluded prior to analyses (see
Analyses). The final sample of 123 participants ranged in age from 17-30 years (M = 24, SD
= 3). Sixty-seven participants (55%) were male, 53 (43%) were female, and three (2%) did
not identify on the male/female gender binary system.
3.2.2

Materials and Design
Stimuli consisted of 24 events from Study 1 (originally from McRae et al., 2019), 11

events from Study 1 with some rephrasing, and 43 additional, new events. A total of 78
events were used for the current study. Events were chosen to have variability in the
consistency of their temporal structure. For instance, the temporal structure of going on a
picnic is less constrained than changing a flat tire. I also aimed to include a variety of events,
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with some being adult-oriented (e.g., interviewing for a job) and others being more kidfriendly (e.g., playing tag). Importantly, I developed and categorized events based on level of
social interaction. Social interaction included three levels: Events with Personal Interaction
(26 events), Events with Others (28), and Non-Social Events (24). Events with Personal
Interaction included events in which personal interaction is a requirement for the event to
occur (e.g., meeting someone new at school), whereas Events with Others included situations
that commonly occur in the presence of others, but personal interaction is not necessarily a
central part of the event (e.g., spending a day at the beach). Non-Social Events were those
that are commonly performed by oneself (e.g., making a sandwich). The 78 events were split
into six lists, each containing 13 events. Each of the six lists included an approximately equal
number of events from all levels of social interaction: 4-5 Events with Personal Interaction,
4-5 Events with Others, and 4-5 Non-Social Events. See supplementary material in Appendix
G for the six event lists.
3.2.3

Procedure
The study protocol was approved by the University of Western Ontario’s Non-

Medical Research Ethics Board. The study was conducted using the online survey software,
Qualtrics (Qualtrics Lab Inc., 2019). Participants completed it on a device and in a location
of their choosing. A letter of information was provided at the beginning of the Qualtrics
survey, and participants were informed that continuing onto the next page of the survey
would indicate their consent.
Each participant received one of the six lists of events, resulting in each list being
completed by at least 20 participants. Events were randomly presented one at a time, each on
a separate Qualtrics page. Participants were presented with the name of one event and an
empty box, and were instructed to type in the steps (or activities) involved in performing or
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completing the event. Participants were not limited to the number of activities that they could
list.
After listing the activities of each event, participants received the same rating scales
used in Study 1. They were asked to rate how familiar they were with the given event on a
scale from 1 (not familiar at all) to 7 (very familiar). Participants were informed that
familiarity refers to the degree to which they have heard of the event or have knowledge of it,
and that they may have this knowledge from family and friends telling stories, TV, movies,
games, or reading. Participants were then asked to indicate how much direct personal
experience they had with the event, meaning how much they have personally engaged in the
event in the past, on a scale from 1 (have never done it personally) to 7 (have done it many
times).
Following the event listing task, participants completed self-report questionnaires
measuring various traits.
3.2.3.1 Autistic Trait Questionnaires
The questionnaires used in Study 1 to assess levels of autistic traits, including social
abilities and repetitive behaviours, were also used in the current study (AQ, MSCS, and
RBQ-2A).
3.2.3.2 Additional Clinical Trait Questionnaires
Additional questionnaires assessing clinically relevant traits were given to
participants to determine whether less typical event knowledge is specifically related to
autistic traits, rather than general clinical problems. These questionnaires were the same as
those used in Study 1 (SCAS, ASRS, and SPQ).
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3.2.4

Analyses

3.2.4.1 Participant Exclusion
Nineteen participants were excluded from analyses. Three participants were excluded
for not following the instructions, as they did not write “steps” for events (e.g., the reason for
performing an event was described instead). Three other participants were excluded because
it was suspected that they had copied information from internet webpages in their responses
(e.g., the phrasing matched a WikiHow page on how to build a snowman). Thirteen
participants were excluded from all analyses for mentioning three or fewer steps for a
majority of the events, because I believed keeping them in analyses would not provide
sufficient individual data to consider. If a participant included three or fewer activities for
one event, but the majority of their activity lists were longer for other events, their response
was excluded for the specific event only.
3.2.4.2 Data Preparation
Before analyses, participants’ written responses were paraphrased, such that
responses referring to the same activity but phrased differently were reworded to standardize
responses across participants. For example, in the event baking a cake, “put cake pan in the
oven” and “place the cake in the oven” were considered the same activity and reworded as
“put cake in oven”. On the other hand, for the event taking a test in school, the activities “ace
test” and “pass test” were treated as different activities. Two coders (including the author)
independently created versions of paraphrased responses. We subsequently compared
paraphrasing and resolved any discrepancies to finalize participants’ responses for data
analyses. All analyses used the paraphrased response data, unless otherwise indicated.
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3.2.4.3 General Event Structure
To analyze each event with graph theory, I used the same methods described in Study
1. A graph was produced for each event by inputting participants’ sequential pairs of
activities mentioned, which retained each participant’s ordering of the activities. The graphs
were directed and weighted.
Based on the event graphs, several network properties were calculated for each event,
as done in Study 1. The mean unweighted degree, a count of the number of links between
activities, was used to assess the linearity of an event's temporal structure. Modularity, the
extent to which activities can be grouped into separate communities, assessed whether there
were thematic scenes within an event. Measures of centrality (PageRank, CheiRank, and
2DRank) were also calculated to evaluate activities that are central to an event.
3.2.4.4 Event Categories
The proportion of social words used by participants in each event was assessed to
confirm the levels of social interaction event categories. The Linguistic Inquiry and Word
Count (LIWC) software, which evaluates words based on a number of linguistic and
psychological categories, was used (Pennebaker et al., 2015). The proportion of social words,
compared to all words, mentioned in participants’ raw responses (not paraphrased) were
averaged across each event. The personal pronoun “you” was excluded from analysis because
the LIWC considers “you” to be a social word, but participants only used the generic “you”
(e.g., “buy tools you need”). To determine whether the average proportion of social words
differed among event categories (social events with personal interaction, social events with
others, and non-social events), an independent-groups ANOVA was used.
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3.2.4.5 Individual Response Metrics
To assess participants’ event knowledge and related factors, a variety of measures
were computed. Similar to the aforementioned method, the proportion of social words used
by each participant was calculated using the LIWC, but this time I created average proportion
of social words used per participant, rather than per event.
As well, the length of each participant’s activity list was computed per event, and
then averaged across events to create an average number of activities mentioned per
participant, assessing the level of detail of each participant’s responses. Similarly, average
node degree was calculated to determine the uniqueness of the activities that each participant
mentioned. The degree of a node is the number of edges that connect to that node, meaning
the number of activities that link to, or from, a given activity. Node degree for each
participant was averaged per event, and then averaged across events to achieve an average
node degree per participant.
Centrality measures, derived from event graphs, were also analyzed at the participant
level. PageRank, the popularity of an activity, was calculated within each event. The top ten
ranked activities were isolated, and the number of top ten activities mentioned by a
participant was counted per event, and then averaged across events to achieve an average
number of top popular activities mentioned for each participant. The same calculation was
then completed for CheiRank (influence of an activity) and 2DRank (combination of
popularity and influence of an activity).
Additionally, an average (consensus) ordering was created for each event, using a
modified Borda Count rank aggregation, similar to Study 1. However, in the current study,
each participant mentioned only a subset of all the activities within an event. Activities that a
participant did not mention were considered to be at the bottom of their ranking by the
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modified Borda Count. Each participant’s deviation from consensus ordering for each event
was computed using a partial Kendall’s tau distance metric. Then, I averaged each
participant’s deviation from consensus ordering across all events to achieve an average
ordering deviation per participant.
All questionnaires were scored using the procedures mentioned in Study 1. One
question in the MSCS did not properly display to 20 participants, so imputation was used to
replace the missing data based on the participant’s rounded average response to the other
items within that subscale. Next, composite scores for the autistic trait questionnaires were
computed. A composite social abilities score was calculated using the AQ subscales of
communication, social skill, and imagination, along with all of the MSCS subscales. To do
so, I took the proportion scored out of the maximum possible score for each subscale, minus
the minimum score, and averaged these proportions across all subscales using the following
equation:
score()*) +&%. ,+-. − min()*) +&%. ,+-.
score!" $%&&. − min !" $%&&.
" max
+ ⋯ + max
0
−
min
!" $%&&.
!" $%&&.
()*) +&%. ,+-. − min()*) +&%. ,+-. 3
10
With the same method, a composite repetitive behaviours score was calculated using the AQ
subscales of attention switching and attention to detail, along with all of the RBQ-2A
subscales. Composite scores were also calculated for each of the remaining clinical trait
questionnaires, separately (anxiety traits, using SCAS subscales; ADHD traits, using ASRS
subscales; and schizotypal traits, using SPQ subscales). High and low trait categories were
then created for each of the composite scores using a median split.
3.2.4.6 Data Comparisons
To look at differences in event knowledge, comparisons were performed using a
mixed 3 (event category: within participants) by 2 (trait level: between participants) analysis
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of variance (ANOVA) using the social ability composite score to assess whether atypical
event knowledge is associated with higher autistic traits, namely poorer social abilities. These
ANOVAs were conducted to assess differences in: average proportion of social words used,
average length of activity lists, average node degree, average number of top central activities
mentioned (in relation to PageRank, CheiRank, and 2DRank, respectively), and average
ordering deviation. Further a priori Bonferroni-corrected pairwise comparisons were
conducted between the high and low social ability groups for each of the event categories. As
well, if significant results were found for a measure (e.g., average ordering deviation),
additional ANOVAs on that measure were conducted for the remaining composite scores
(repetitive behaviours, anxiety, ADHD, and schizotypal traits, respectively) to determine
whether the given result was specific to autistic traits.
3.3

Results

3.3.1

General Event Structure
For example event graphs, see Figures 8, 9, and 10.
Visualization of each event in graph form indicated that there was variability in

participants’ ordering of activities. Additionally, the extent of variability in participants’
ordering differed across events. Mean unweighted degree for events ranged from 1.20 to 2.57
(M = 1.62, SD = 0.24), while a strictly linear event would have mean unweighted degree of 1.
Modularity for events, the extent to which nodes (activities) can be grouped into
separate communities, ranged from .33 to .67 (M = .51, SD = .08). When each event graph
was compared to 100 randomly configured graphs that had the same number of nodes and
edges, and same values of edge weights, Z-scores of event graphs’ modularity ranged from
-7.42 to 3.47 (M = 1.86, SD = 2.44).
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Figure 8: Graph constructed from participants’ produced activities for the Social Event with Personal Interaction, working on a
group project. Note. Thickness and darkness of arrows between activities are proportional to the number of participants that listed
those activities in that order.
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Figure 9: Graph constructed from participants’ produced activities for the Social Event with Others, going to a movie with friends.
Note. Thickness and darkness of arrows between activities are proportional to the number of participants that listed those
activities in that order.
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Figure 10: Graph constructed from participants’ produced activities for the Non-Social
Event, brushing your teeth. Note. Thickness and darkness of arrows between activities
are proportional to the number of participants that listed those activities in that order.
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Results from network centrality measures (PageRank, CheiRank, and 2DRank)
suggest that network properties are sensitive to event dynamics and able to capture
thematically important activities within events. PageRank measured the popularity of a given
activity, for example, “give gift” was the most popular activity for the event buying a gift for
your mom. In addition, CheiRank measured the influence of a given activity. For instance, for
the event buying a gift for your mom, the activity “choose gift idea” was the most influential
activity. Lastly, 2DRank is a combination of PageRank and CheiRank. For example, the
activity “buy gift” was the most popular and influential activity for the event buying a gift for
your mom. For a complete list of events and corresponding top activities for PageRank,
CheiRank, and 2DRank, see Appendix G.
3.3.2

Event Categories
The average percentage of social words used per event category differed significantly

as determined by one-way ANOVA (F(2,75) = 41.60, p < .001, h2 = .53). Further
comparisons revealed that a higher average percentage of social words were used within
Events with Personal Interaction (M = 18.20, SD = 8.24) compared to Events with Others (M
= 8.22, SD = 5.33; t(52) = 6.10, p < .001, d = 1.45) and Non-Social Events (M = 3.02, SD =
3.27; t(48) = 8.92, p < .001, d = 2.39). As well, a higher average percentage of social words
were used within Events with Others than Non-Social Events (t(50) = 3.11, p = .008, d =
1.15). These results support the classification of events into categories based on levels of
social interaction.
3.3.3

Event Ratings
Overall average familiarity for each event ranged from 2.45 to 6.95 (M = 5.12, SD =

1.19). Overall average personal experience for each event ranged from 1.22 to 7 (M = 4.42,
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SD = 1.59). For average familiarity ratings and average personal experience ratings by event
category, see Table 3.
Table 3: Average familiarity and personal experience ratings by event category.
Familiarity

Personal Experience

Event Category

M

SD

Range

M

SD

Range

Personal Interaction

4.68

1.28

2.45–6.55

3.82

1.71

1.22–6.60

With Others

5.01

0.99

2.65–6.80

4.31

1.19

1.35–6.60

Non-Social

5.73

1.09

3.45–6.95

5.20

1.61

2.39–7.00

3.3.4

Individual Response Metrics
For means, standard deviations, and ranges of total trait scores, see Table 4.
Table 4: Descriptive statistics for questionnaire total scores (N = 123).

Questionnaire

M

SD

Range

AQ

118.54

18.40

73–168

MSCS

182.02

42.32

88–290

RBQ-2A

30.47

7.72

20–56

SCAS

34.32

20.46

3–101

ASRS

24.27

13.57

0–57

SPQ

26.54

16.18

0–70

For detailed ANOVA statistics for the following measures, see Table 5. In addition,
see Table 6 for detailed pairwise comparison statistics. See Figure 11 for all plots of event
category by level of social ability ANOVA results.
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3.3.4.1 Proportion of Social Words
For the average proportion of social words used in participants’ raw responses, there
was not a significant interaction between level of social ability and event category (Figure
11A). Pairwise comparisons did not reveal significant differences between high and low
social ability for any of the event categories, and Bayes factors were 0.28 and lower,
providing moderate support for the null hypothesis (Jeffreys, in Schönbrodt & Wagenmakers,
2018). As well, there was not a significant main effect of social ability, but there was a
significant main effect of event category.
3.3.4.2 Length of Activity List
For the average length of participants’ activity lists, assessing the level of detail of
participants’ responses, there was not a significant interaction between level of social ability
and event category (Figure 11B). Pairwise comparisons did not reveal significant differences
between high and low social ability within any of the event categories. Bayes factors were
0.24 and lower, providing moderate support for the null hypothesis (Jeffreys, in Schönbrodt
& Wagenmakers, 2018). As well, there was not a significant main effect of social ability.
However, a main effect of event category was found.
3.3.4.3 Node Degree
For the average node degree of participants’ responses, assessing the uniqueness of
participants’ mentioned activities, there was not a significant interaction between level of
social ability and event category (Figure 11C). Further pairwise comparisons did not reveal
significant differences between high and low social ability for any of the event categories.
Bayes factors ranged from 0.22 to 0.29, which provided moderate support for the null
hypothesis (Jeffreys, in Schönbrodt & Wagenmakers, 2018). In addition, there was not a
significant main effect of social ability, but there was a main effect of event category.
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3.3.4.4 Number of Top Central Activities
For the average number of top 10 popular activities (according to PageRank)
mentioned by participants, there was not a significant interaction between level of social
ability and event category (Figure 11D). Pairwise comparisons did not reveal significant
differences between high and low social ability for any of the event categories. Bayes factors
were 0.38 and lower, providing weak to moderate support for the null hypothesis (Jeffreys, in
Schönbrodt & Wagenmakers, 2018). Further, there was not a significant main effect of social
ability, but a main effect of event category was found.
For the average number of top 10 influential activities (according to CheiRank)
mentioned by participants, there was not a significant interaction between level of social
ability and event category (Figure 11E). Pairwise comparisons did not reveal significant
differences between high and low social ability for any of the event categories. Bayes factors
were 0.58 and below, providing weak to moderate support for the null hypothesis (Jeffreys,
in Schönbrodt & Wagenmakers, 2018). Also, there was not a significant main effect of social
ability, but a main effect of event category was found.
For the average number of top 10 popular and influential activities (according to
2DRank) mentioned by participants, there was not a significant interaction between level of
social ability and event category (Figure 11F). Pairwise comparisons did not reveal
significant differences between high and low social ability for any of the event categories.
Bayes factors were below 0.27, providing moderate support for the null hypothesis (Jeffreys,
in Schönbrodt & Wagenmakers, 2018). As well, there was not a significant main effect of
social ability. However, a main effect of event category was found.
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3.3.4.5 Ordering Deviation
For average ordering deviation, a significant interaction was found between level of
social ability and event category (Figure 11G). Simple main effect analyses did not reveal
any significant differences between high compared to low social ability within any event
category (however, see Figure 11H for a graphic representation of difference scores). There
was not a significant main effect of social ability, yet a main effect of event category was
found.
To determine if the significant interaction was specific to level of social ability,
additional ANOVAs were calculated for all other clinical traits. For each ANOVA, there was
not a significant interaction. There was not a significant main effect of trait level, but there
was a significant main effect of event category. These results suggest that the significant
interaction found for average ordering deviation was specific to level of social ability. See
supplementary materials in Appendix G for detailed ANOVA results of these other clinical
traits.
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Figure 11: Graphic representation of mixed ANOVA results (event category by social
ability) for (A) proportion of social words, (B) length of activity list, (C) node degree,
(D) number of top central activities (PageRank), (E) number of top central activities
(CheiRank), (F) number of top central activities (2DRank), and (G) ordering deviation.
(H) Difference scores in ordering deviation. Note. Error bars are standard error.
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Table 5: Results for all event category by social ability ANOVAs.
Effect

F

df

p

ηp2

Average Proportion of Social Words
455.08a

Event Category

(1.55, 187.76) a

<.001a

.79

Social Ability

0.15

(1, 121)

.70

.001

Event Category x Social Ability

0.22

(2, 242)

.75

.002

Average Length of Activity List
Event Category

46.50

(2, 242)

<.001

.28

Social Ability

0.20

(1, 121)

.66

.002

Event Category x Social Ability

1.36

(2, 242)

.54

.01

Average Node Degree
Event Category

22.46

(2, 242)

<.001

.16

Social Ability

0.07

(1, 121)

.80

.001

Event Category x Social Ability

1.28

(2, 242)

.75

.01

Average Number of Top Popular Activities (PageRank)
Event Category

33.36

(2, 242)

<.001

.22

Social Ability

0.13

(1, 121)

.72

.001

Event Category x Social Ability

1.58

(2, 242)

.21

.01

Average Number of Top Influential Activities (CheiRank)
Event Category

23.57

(2, 242)

<.001

.16

Social Ability

0.46

(1, 121)

.50

.004

Event Category x Social Ability

2.50

(2, 242)

.09

.02

Average Number of Top Popular and Influential Activities (2DRank)
Event Category

23.66

(2, 242)

<.001

.16

Social Ability

0.10

(1, 121)

.76

.001

Event Category x Social Ability

0.63

(2, 242)

.54

.01

(2, 242)

<.001

.22

Average Ordering Deviation
Event Category

35.02

Social Ability

0.00004

(1, 121)

.99

.000

Event Category x Social Ability

3.82

(2, 242)

.02

.03

a

Huynh-Feldt corrected for violation of sphericity.
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Table 6: Results for all pairwise comparisons between high and low social ability
groups.
ta

Event Category

p (Adjusted)

d

BF10

Average Proportion of Social Words
Events with Personal Interaction

0.16

>.99

0.001

0.19

Events with Others

0.73

>.99

0.01

0.28

Non-Social Events

0.18

>.99

-0.001

0.20

Average Length of Activity List
Events with Personal Interaction

0.01

>.99

-0.001

0.24

Events with Others

0.76

>.99

0.04

0.21

Non-Social Events

0.47

>.99

0.02

0.20

Average Node Degree
Events with Personal Interaction

0.86

>.99

0.04

0.26

Events with Others

0.85

>.99

-0.04

0.29

Non-Social Events

0.58

>.99

-0.03

0.22

Average Number of Top Popular Activities (PageRank)
Events with Personal Interaction

0.31

>.99

0.01

0.20

Events with Others

1.23

.66

0.05

0.38

Non-Social Events

0.71

>.99

-0.03

0.21

Average Number of Top Influential Activities (CheiRank)
Events with Personal Interaction

1.436

.46

0.07

0.58

Events with Others

0.99

.97

0.05

0.29

Non-Social Events

0.82

>.99

-0.04

0.26

Average Number of Top Popular and Influential Activities (2DRank)
Events with Personal Interaction

0.79

>.99

0.04

0.27

Events with Others

0.27

>.99

0.01

0.20

Non-Social Events

0.29

>.99

-0.02

0.20

Average Ordering Deviation
Events with Personal Interaction

1.10

.82

-0.06

—

Events with Others

0.09

.99

0.01

—

Non-Social Events

1.02

.92

0.06

—

a

df = 363 for all t-tests.
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3.4

Discussion
In Study 2, I investigated the relationship between autistic traits, namely social

abilities, and event knowledge in the general population using more comprehensive measures
than employed in Study 1. Secondly, I sought to confirm the variable, rather than linear,
nature of the temporal structure of event knowledge by using graph theory. Importantly, I
found a relationship between social ability and event category for ordering deviation, such
that ordering of activities became more atypical for individuals with lower social ability as
events became more social in nature. However, insignificant results were found for other
measures of event knowledge. In general, events’ temporal structure was not strictly linear,
and the extent to which scenes were apparent in events was varied. Further, centrality
measures provided insight into the central activities within events.
3.4.1

Event Descriptions and Traits
Notably, for ordering deviation, there was a significant interaction between event

category and social ability, suggesting that level of social ability impacted ordering deviation
within the event categories differently. As events became more social, individuals with
poorer social abilities displayed less typical ordering (Figure 11G-H). It is possible that
individuals with low social ability may find more social events to be less predictable, leading
to a more atypical mental representation of the order of activities within these events,
compared to events with fewer social aspects. Further simple main effects analyses did not
find any significant differences in average ordering deviation between the high and low
social ability groups within each event category. As such, conclusions cannot be drawn about
ordering deviation differences between social ability groups within particular event
categories. However, the significant interaction was specific to social ability as I predicted,
and was not found between high and low levels of other clinical traits.
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Surprisingly, no differences were found for the proportion of social words used by
participants with high compared to low social ability across all categories of events. This
contrasted with my hypothesis that individuals with lower social ability would use fewer
social words across all events, with the difference being most prominent in Events with
Personal Interaction, the most social category. This result is somewhat in contrast to prior
research indicating that autistic individuals make fewer references to other people or
characters in narratives (Arnold et al., 2009). However, recent research has suggested that as
autistic children grow older, they use person-referential language more often during
naturalistic interactions (Barokova & Tager-Flusberg, 2020). In the current study,
participants were older (young adults) and the events they described occur in real life. It is
therefore conceivable that these individuals would make references to others when describing
events, rather than what was initially predicted.
There were no significant differences in the number of activities per event mentioned
by participants with low compared to high social ability, across all event categories.
Likewise, no significant differences in the number of unique activities mentioned were found
between social ability level in any event category. These results do not provide evidence for
my hypotheses that individuals with higher autistic traits, as measured by poorer social
ability, would mention a greater number of activities overall, and a greater number of unique
activities. As such, these findings are not supported by previous research, which conversely
found that autistic individuals are likely to mention more details in their event descriptions
(Loth et al., 2008). Although, methodology could be a factor in differing results, for instance,
participants in Loth et al. (2008)’s study orally described events, and the current study had
individuals typing their answers.
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Furthermore, no significant differences were found in the number of top central
activities (as measured by PageRank, CheiRank, and 2DRank) mentioned by participants
with high versus low social ability, within any of the event categories. These findings do not
support my hypothesis that individuals with lower social ability would say a fewer number of
the most popular and influential event activities. In contrast, a previous study found autistic
children are less likely to mention the central aspects of an event, compared to TD children
(Volden & Johnston, 1999).
Interestingly, across all measures in Study 2, there was a main effect of event
category. While it is understandable that a greater number of social words would be used to
describe a social event compared to a non-social event, the reason for event category-related
differences in other measures is unclear. However, it is possible that a person’s event
knowledge may fundamentally differ depending on the social category of the event. Merely
the presence (or absence) of social elements in an event might influence the knowledge that a
person retains of that event.
3.4.2

General Event Structure
Results from graph theory analyses revealed that the temporal structure of events is

variable in nature. While event graphs were not found to be extremely modular, this does not
suggest that scenes are absent. Because participants produced their own subset of activities
for each event, meaning that participants did not list all of the same activities, scenes may
have been less perceptible for some events in Study 2 as compared to Study 1. Interestingly,
the modularity of event graphs was quite varied, which may suggest that the extent to which
scenes are observable in an event graph depends on the event itself. This makes intuitive
sense, as some events are more likely to be constrained by causal actions (changing a flat
tire) whereas others are less constrained (going on a picnic). However, the mean unweighted
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degree of every event was higher than 1, indicating that event graphs were not strictly linear
despite some events having causal constraints. These results suggest that event knowledge
does not adhere to a linear chain theory. Rather, a hierarchical organization of event structure
is more likely – with the caveat that the structure of event knowledge may be more complex
and richer than previously theorized, and these scenes may not always be well-defined.
Additionally, central aspects of events were highlighted by analyzing PageRank,
CheiRank, and 2DRank. These measures helped to evaluate the degree to which activities are
important for the events to occur. These results provide insight into scenes within events, as
the most central activities may be fixed parts of an event, while less central activities are
more variable or optional.
3.4.3

Conclusion
In sum, the current study failed to find clear support for individuals with higher levels

of autistic traits, particularly poorer social ability, having atypical event knowledge,
compared to those with higher social ability. However, an interaction was found between
social ability and event category for ordering deviation, suggesting that an individual’s social
ability level affects their ordering of activities differently depending on the social category of
the event. Furthermore, results indicate that the temporal structure of event knowledge in
general is quite variable. This work highlights the utility of using graph theory to provide
theoretical insights into the structure of event knowledge, which may be more complex than
previously theorized. Importantly, the study provides novel information on the relationship
(or lack thereof) between atypical event knowledge and autistic traits in the general
population, which should be further explored in future research.
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Chapter 4
4

General Discussion
The purpose of this thesis was to examine the relationship between event knowledge

and autistic traits, namely social ability, using network science. These studies are the first to
examine the relationship between event knowledge, autistic traits, and social abilities in the
general population. As well, they were the first studies to consider event knowledge at an
individual participant level using novel network science methods.
4.1

Event Knowledge and Traits
In Study 1, average deviation from consensus ordering significantly correlated with

overall autistic traits, overall social competency, and most subscale measures of social
abilities (Table 2). This finding provides support for previous research by Loth et al. (2008),
who found that autistic children with lower theory of mind made more temporal ordering
violations in their event descriptions. Even more importantly, it demonstrates that temporal
ordering issues in event knowledge are more broadly related to various aspects of poorer
social abilities, not only poorer understanding of the mental states of others. Additionally, the
current study suggests that this relationship between atypical event knowledge, higher
autistic traits, and poorer social abilities can be seen in the general population, beyond a
clinically diagnosed autistic group.
In Study 2, a significant interaction was found between event category and social
ability level for participants’ average ordering deviation (Figure 11G). Social ability level
affected participants’ ordering of activities differently, depending on the event category. For
participants with poor social ability, their ordering became less typical as events became
more social (Figure 11H). Notably, this finding demonstrates a novel relationship between
social ability, socialness of an event, and a person’s event knowledge, specifically ordering
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deviation of event activities. A potential reason is that events become less predictable for
individuals with low social ability as the events become more social in nature. These
individuals may be less likely to put themselves in a (social) situation that is not as
predictable as other (non-social) situations. Consequently, they may not retain a typical order
of activities when an event involves more social behaviours, and in turn, this may affect
further social communication.
However, simple effects analyses indicated that average ordering deviation did not
significantly differ between the low social ability group and high social ability group, in any
event category. The reason for this finding is unclear, but it is possible that the measure used
is less sensitive to ordering when participants do not include all activities in the event. It is
theoretically possible that a person could mention every single activity of an event in a
somewhat deviant order, yet still be considered less deviant from the average, compared to
someone who only mentioned a very small number of activities but said them in a canonical
order. If this were the case, it is possible that a difference in average ordering deviation
between social ability groups within each event category may not have been detectable in
Study 2.
Other measures of event knowledge used in Study 2 showed nonsignificant results.
No significant differences were found for the number of top central activities produced by
participants with high compared to low social ability, for PageRank, CheiRank, and 2DRank,
across all event categories (Figure 11D-F). Further pairwise comparisons provided support
for the null hypothesis. This contrasts with previous research indicating that autistic children
say fewer central aspects when describing events (Volden & Johnston, 1999).
Similarly, the number of overall activities produced by participants (Figure 11B) and
the number of unique activities (Figure 11C) did not differ between the high compared to low
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social ability groups within any event category. Bayes factors on pairwise comparisons
within each event category supported the null hypothesis. This finding contrasts with other
research suggesting that autistic individuals mention a greater number of details when
describing events (Loth, 2008). Looking further at event descriptions, the number of social
words used did not differ between the high and low social ability groups in any event
category (Figure 11A) and Bayes factors supported the null hypothesis.
In sum, a relationship between ordering deviation and social abilities was evident in
both studies, which aligns with previous research (Loth et al., 2008). The current studies’
results provide novel evidence that poorer social abilities relate to the atypicality of a
person’s ordering of event activities, in the general population. For individuals with poorer
social ability, ordering of activities became more atypical as events become more social in
nature. However, other measures of event knowledge did not show significant results. The
presence of nonsignificant results does not align with previous literature on ASD and event
knowledge, which have suggested that poorer, or atypical, event knowledge is evident in
autistic individuals (Loth et al., 2008, 2010; Volden & Johnston, 1999). The current studies
provide new information in this area of research, suggesting that many facets of event
knowledge (excluding ordering deviation) are potentially not related to social domains of
autistic traits in the general population. Bayes factors suggested that there are no differences
on many of the measures between individuals with poor compared to high social abilities –
although, the support for the null hypothesis was only weak or anecdotal in some cases.
The fact that several results were nonsignificant may have occurred because the
current study involved participants in the general population only. While autistic traits are
evident to a varying degree in the general population, it is possible that some differences in
event knowledge are only evident when investigating clinically diagnosed autistic individuals
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in comparison to typically developing individuals. In addition, many of the previous studies
investigating event knowledge in ASD have included children only. It is possible that some
differences in event knowledge are less noticeable at later ages (young adults or adults). The
fact that the current sample were young adults, coupled with them being part of the general
population rather than a clinical sample, may have led to differences in event knowledge
being somewhat difficult to detect.
The pattern of results could also be due to insufficient power to find differences in
some of the measures. The number of participants that answered each event was
approximately 20, however if some participants provided an extremely short answer, their
responses were removed for that specific event. In that situation, the number of participants
who provided steps for each event could be as low as 16. It is therefore possible that the
number of participants per event affected the ability to find significant differences in event
knowledge. Similarly, because a total of 78 events were distributed across approximately 123
participants, there may have been less power in investigating differences between
individuals, compared to a study design in which all the participants would receive the same
events.
4.2

General Event Structure
Graph theory methods from Study 1 and Study 2 indicated that the temporal structure

of events is rich and variable. Across both studies, events were not strictly linear, opposing a
linear chain theory of event structure. Importantly, the order of activities within events
differed. While events appeared to be a bit more linear in Study 2 than Study 1, it is likely
due to the presence of linear subsets of activities that, for example, only one participant
provided for a given event in Study 2. Communities within event graphs were evident,
although the degree to which scenes were separated varied by event. Thematic scenes within
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events were more obvious in Study 1 compared to Study 2. This may have partly been a
consequence of participants ordering all of the same activities in Study 1, thus providing
more connections between the same activities, whereas participants produced only a subset
of all activities in Study 2. In addition, centrality measures provided new insight into the
popular and influential event activities, suggesting that these network science methods are
sensitive to these properties of events as well.
The aforementioned results provide evidence for a hierarchical organization of
events. That is, events are composed of scenes, with central, important activities within those
scenes, as well as other varied activities that may sometimes be carried out in different
orders. This supports recent research that also found evidence for a hierarchical organization
of event knowledge using graph theory (McRae et al., 2019) as well as past research
suggesting that event structure is likely organized into a hierarchy of scenes and sub-scene
level activities (Black & Bower, 1980; Galambos & Rips, 1982). Accordingly, these results
contrast with previous findings that suggest there is a linear structure to event knowledge in
the mind (Mandler & DeForest, 1979; van der Meer et al., 2002). However, because scenes
were present to varying degrees within events in the current studies, the structure of event
knowledge may be more complex, rich, and variable than initially thought, with some events
appearing much more scene-oriented while others less so. This finding is understandable
because some events are more likely to be constrained by causal links or convention (e.g.,
taking money out of an ATM) while others are less constrained by which activity has to be
completed before another activity (e.g., cleaning the house). Overall, these findings provide
new insights into the complexity of events and event structure.
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4.3

Suggestions for Future Research
As the current studies were the first to examine the relationship between event

knowledge and autistic traits, namely social ability, using network science measures, there
are additional avenues to explore, and these methods can be developed further.
Future research should continue the practice of including a variety of events and
event categories, as it was evident in Study 2 that differences existed between event
categories on most measures. The ways in which we behave vary across situations, and the
extent to which we experience different kinds of events varies. As a result, a person’s event
knowledge may be fundamentally different for an extremely social event compared to a nonsocial one. Accordingly, it would be beneficial to consider and separate the different levels of
social interaction involved in events as was done in Study 2. A future study could also
narrow down events to include a smaller number. Potentially, this practice could result in a
greater number of participants providing information for each event, which may provide
richer information to evaluate event knowledge at an individual level.
Additionally, employing the current studies’ network science methods to investigate
event knowledge in individuals who have been clinically diagnosed with ASD would be
beneficial. While ordering deviation of activities significantly correlated with higher autistic
traits and poorer social abilities in Study 1, specifics of ordering deviation results beyond an
interaction between social ability and event category were unclear in Study 2. As a result, is
important to investigate this area in autistic individuals to further understand the nature of the
relationship between ordering deviation and autistic traits. As significant differences between
high and low social ability groups were not found for many of the other measures of event
knowledge, it would be interesting to see whether differences are more apparent in autistic
individuals compared to TD individuals. Lastly, because graph theory is a novel and
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interesting way to explore event knowledge, it would be beneficial to apply this methodology
in future studies with autistic children or adults. These methods could be expanded, such as
creating event graphs for ASD and TD groups separately, which would allow for further
comparisons within groups as well as between groups.
Furthermore, future research should consider investigating other measures in
conjunction with event knowledge. Since event knowledge is critical for language and
communication, and autistic individuals show deficits in these areas, it would be
advantageous to consider measures of language skills, including metalinguistic ability, the
ability to reflect on the nature and meaning of language. Metalinguistic ability includes
important skills such as inferencing and making conversation, which are impaired in ASD.
By incorporating these measures, a broader understanding of the interplay between event
knowledge, autistic traits, social ability, and related areas could be achieved.
Finally, because event knowledge plays an important role in social communication,
atypicalities in event knowledge are likely to cascade into further issues, including problems
commonly associated with ASD. For instance, if an individual has difficulty in accurately
representing events in their mind, it would lead to difficulty discussing them with other
people, which could produce further problems with communication and social interaction. By
continuing to study the relationship between event knowledge, social communication, and
autistic traits, we may be able to understand more nuanced details of how autistic individuals
comprehend events. Improved event knowledge in autistic individuals could alleviate
potential miscommunication on a daily basis. Incorporating activities or instruction in the
home or school settings that aims to help children and adolescents learn the components and
temporal order of events, as well as how to draw on previously acquired knowledge when
faced with uncertainty, may lessen future difficulties. As a result, autistic individuals could
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have more enriching social relationships, and be more open to new experiences, which in
turn could result in improved well-being, and increased success and opportunities in
academics or employment later in life.
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Appendix F
Supplementary Material for Chapter 2
Event Lists
List 1
going on a picnic
baking an apple pie
writing an email
taking the driver's license test
buying a car
going to the emergency room
voting in a national election
getting ready in the morning for work or school
building a sandcastle
taking a cruise for vacation
planting a tree
going to a national holiday celebration
List 2
cleaning the house
attending a professional football game
washing the dishes
giving a business presentation
celebrating a wedding anniversary
police raid on a mafia house
building a house
getting yourself ready for bed
building a fence
washing the car
getting a book from the library
mailing a gift
List 3
making a sandwich
going to a concert
hosting a barbecue
building a snowman
getting a child ready for bed
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planting a vegetable garden
working out at the gym
making fruit salad
going to the zoo
filling a car at the gas/petrol station
going to the symphony
serving nice wine to guests
List 4
attending a professional baseball game
riding the city bus from home to work or school
going through a fast food drive-thru
going to your high school graduation
gambling at a casino
playing a round of golf
driving across the country
doing the laundry
dressing up for a fancy event
attending a funeral
going for a night out at the club
dining at a nice restaurant
List 5
going grocery shopping
going to a child's birthday party
changing a flat tire
taking money out of an ATM
making coffee
attending a wedding
parking the car downtown
going to the dentist to get a cavity filled
going camping
going to a fast food restaurant
getting a manicure
making a large breakfast on the weekend
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List 6
getting a speeding ticket
going sailing
going to a movie
going to a fancy cocktail party
shopping for clothes
taking a shower
taking a college exam
taking your dog to the vet
going to the beach
getting a haircut
baking a cake
List 7
going to the doctor for a checkup
interviewing for a job
being in a car accident
mowing the lawn
going trick-or-treating at Halloween
filming a movie scene
having a nice family portrait taken
catching a flight at the airport
going on a first date
painting a room
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Table S1: Top central activities according to PageRank, CheiRank, and 2DRank for each event.
Event

PageRank

CheiRank

2DRank

attending a funeral

cry

dress appropriately

pray

attending a professional baseball game

drive home

give ticket to ticket taker

buy beer

attending a professional football game

tailgate

use bathroom

enter stadium

attending a wedding

shower

respond to invitation

drive to reception

baking a cake

frost cake

choose recipe

mix ingredients

baking an apple pie

cool pie

drive home

cut apples

being in a car accident

call insurance company

start car

call for a ride

building a fence

add lock

measure area

unload materials

building a house

plan design

find lot

draft blueprints

building a sandcastle

fix up castle

bring shovel

shape sand with water

building a snowman

go inside

wait for enough snow

have snowball fight

buying a car

drive home

research cars

test drive car

catching a flight at the airport

put luggage in overhead bin

weigh luggage

go through security

celebrating a wedding anniversary

reminisce with spouse

drive to event

drive to event

changing a flat tire

pull over

get spare tire

get equipment

cleaning the house

clean bathtub

decide where to start

get vacuum

dining at a nice restaurant

leave restaurant

make reservation

order drinks

doing the laundry

fold clothes

get basket

put second load in washer

dressing up for a fancy event

apply cologne

choose outfit

shave

driving across the country

enjoy scenery

save money

buy snacks
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Event

PageRank

CheiRank

2DRank

filling a car at the gas/petrol station

close gas cap

get in car

take receipt

filming a movie scene

edit film

prepare storyboard

set up cameras

gambling at a casino

collect winnings

set gambling limit

place bet

getting a book from the library

read book

get library card

choose book

getting a child ready for bed

leave bedroom

child whines

child lays down

getting a haircut

pay hairdresser

read magazine

shower

getting a manicure

admire nails

check in

thank manicurist

getting a speeding ticket

roll up window

get in car

be angry

getting ready in the morning for work or
school

get purse

wake up

put on deodorant

getting yourself ready for bed

fall asleep

give cats water

plug in cell phone

giving a business presentation

pack up things

brainstorm ideas

set up presentation

going camping

enjoy camping

drive to campground

read

going for a night out at a club

take taxi home

invite friends

enter club

going grocery shopping

go to each aisle

choose items

go to each aisle

going on a first date

make plans for another date

accept invitation

talk to date

going on a picnic

unload car

choose a time

unload food

going sailing

drive home

check weather

cast off

going through a fast food drive-thru

drive away

get in car

pull up to first window

going to a child's birthday party

wrap gift

drive to party

drive to party

going to a concert

exit venue

invite friends

wait for concert to start

going to a fancy cocktail party

drink cocktails

ask friends if they are going

park car
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Event

PageRank

CheiRank

2DRank

going to a fast food restaurant

eat

choose restaurant

go to counter

going to a movie

discuss movie

choose movie

present ticket

going to a national holiday celebration

watch fireworks

plan day

find place to sit

going to the beach

dry off

agree on time

pack sunscreen

going to the doctor for a checkup

book follow-up appointment book appointment

book follow-up appointment

going to the emergency room

leave hospital

sit in the waiting room

enter hospital

going to the symphony

get food

meet friends

get food

going to the zoo

exit zoo

choose zoo

drive to zoo

going to your high school graduation

look at photos

receive invitation

wait to be called

going trick-or-treating at Halloween

scare people

try on costume

meet friends

having a nice family portrait taken

send photos to relative

coordinate date with family

follow instructions

hosting a barbecue

clean grill

make guest list

put out furniture

interviewing for a job

get invited

prepare resume

get invited

mailing a gift

wrap gift

seal package with tape

close box

making a large breakfast on the weekend

get utensils

buy groceries

crack eggs

making a sandwich

sit down

be hungry

add tomato

making coffee

rinse pot

choose coffee

boil water

making fruit salad

serve salad

choose fruit

get fruit

mowing the lawn

mow in circles

check gas

pull cord

painting a room

remove tarp

choose colour

cover floors

parking the car downtown

exit car

enter car

exit car

planting a tree

wait for tree to grow

choose location for tree

drive home

108
Event

PageRank

CheiRank

2DRank

planting a vegetable garden

harvest vegetables

choose vegetables

remove weeds

playing a round of golf

get out of car

choose course

get out of car

police raid on a mafia house

bring suspects into custody

get search warrant

get search warrant

riding the city bus from home to work or
school

arrive at destination

check schedule

go to bus stop

serving nice wine to guests

put wine back in fridge

invite guests

chill wine

shopping for clothes

leave store

decide what you need

go to computer

taking a college exam

relax

go to school

gather items

taking a cruise for vacation

shower

research cruises

explore ship

taking a shower

exit shower

get towel

get towel

taking money out of an ATM

walk to car

check balance

take receipt

taking the driver's license test

get driver's license

ask parents to drive

get in car

taking your dog to the vet

follow instructions from vet

make appointment

pay

voting in a national election

enter polling station

research candidates

check in

washing the car

park car

get in car

roll up windows

washing the dishes

wait for completion

unload dishwasher

unload dishwasher

working out at the gym

exit

enter locker room

ride exercise bike

writing an email

log out of account

sit down

add recipient
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Composite Score Equation for Figure 7
A composite social abilities score was calculated using the AQ subscales of
communication, social skill, and imagination, along with all of the MSCS subscales. I took
the proportion scored out of the maximum possible score for each subscale, minus the
minimum score, and averaged these proportions across all subscales using the following
equation:
score()*) +&%. ,+-. − min()*) +&%. ,+-.
score!" $%&&. − min !" $%&&.
! max
+ ⋯ + max
0
−
min
!" $%&&.
!" $%&&.
()*) +&%. ,+-. − min()*) +&%. ,+-. 3
10
With the same method, a composite repetitive behaviours score was calculated using the
remaining AQ subscales along with all of the RBQ-2A subscales. Composite scores were
calculated for each of the remaining clinical trait questionnaires, separately (anxiety traits,
using SCAS subscales; ADHD traits, using ASRS subscales; and schizotypal traits, using
SPQ subscales).
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Appendix G
Supplementary Material for Chapter 3
Event Lists
List 1
answering the front door
checking into a hotel
negotiating the price of a used car
working on a group project
playing a board game with your family
going to a movie with friends
attending a funeral
celebrating on Christmas morning
spending a day at the beach
brushing your teeth
building a snowman
spending a rainy day inside
planting a vegetable garden
List 2
working a shift as a server in a fancy restaurant
picking teams at recess
calling the police about an emergency
talking with a counsellor
having a tea party
attending a wedding
playing tag
catching a flight at the airport
taking a driving test
getting ready for school or work
baking an apple pie
filling up a car at the gas station
playing a video game
List 3
going to the doctor’s office for a check-up
ordering a pizza over the phone
getting a haircut
listening to someone talk about their problems
playing bingo
going to an amusement park
playing in a soccer game
going on a picnic
going to a school dance
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taking money out of an ATM
baking a cake
cleaning the house
doing your homework
List 4
asking someone out on a date
meeting someone new at school
taking a piano lesson
interviewing for a job
going bowling
going to the emergency room
volunteering at a nursing home
going to a friend’s birthday party
going swimming at a public pool
borrowing a book from the library
building a sandcastle
decorating your room
being in a car accident
List 5
introducing your girlfriend or boyfriend to your parents
asking for help to find milk in a store
meeting a celebrity
sharing a toy
going to the zoo
going to a fancy restaurant
organizing a potluck dinner
going on a school field trip
going trick-or-treating on Halloween
taking your dog for a walk
taking a test in school
working out at the gym
making a sandwich
List 6
being called to the principal’s office
firing someone
teaching someone how to play Tic Tac Toe
going on a first date
going to a fast food restaurant
singing in a school recital
riding the city bus to school or work
going shopping with your parents
going to a national holiday celebration
changing a flat tire
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taking a shower
buying a gift for your mom
making a large breakfast on the weekend
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Table S1: Top central activities according to PageRank, CheiRank, and 2DRank for each event.
Event

PageRank

CheiRank

2DRank

answering the front door

open door

hear doorbell

open door

asking for help to find milk in a store

buy milk

ask for location of milk

ask for location of milk

asking someone out on a date

ask person out on date

approach person

approach person

attending a funeral

watch service

get dressed

watch service

attending a wedding

go home

buy wedding gift

drive to venue

baking a cake

pour batter into pan

get ingredients

pour batter into pan

baking an apple pie

put pie in oven

get ingredients

put pie in oven

being called to the principal's office

enter office

walk to principal's office

walk to principal's office

being in a car accident

call police

drive

exit car

borrowing a book from the library

check out book

go to library

choose book

brushing your teeth

rinse toothbrush

apply toothpaste

brush teeth

building a sandcastle

decorate

go to beach

put sand in bucket

building a snowman

add hat

roll snowballs

stack snowballs

buying a gift for your mom

give gift

choose gift idea

buy gift

calling the police about an emergency

describe nature of emergency

dial 911

describe nature of emergency

catching a flight at the airport

board plane

go through security

go through security

celebrating on Christmas morning

open presents

wake up

open presents

changing a flat tire

put flat tire in trunk

get spare tire

remove flat tire

checking into a hotel

go to room

go to front desk

receive room keys

get cleaning supplies

sweep floor

cleaning the house

wash dishes
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Event

PageRank

CheiRank

2DRank

decorating your room

decorate

go to stores

buy decorations

doing your homework

do homework

get textbooks

do homework

filling up a car at the gas station

pay for gas

turn off car

insert nozzle into gas tank

firing someone

fire employee

review performance

fire employee

getting a haircut

get haircut

book appointment

get haircut

getting ready for school or work

go to destination

get dressed

get dressed

going bowling

go to bowling alley

choose bowling alley

go to bowling alley

going on a first date

go home

get ready

meet date

going on a picnic

lay out blanket

make food

lay out blanket

return to school

get permission form signed
by parent

board bus

going shopping with your parents

buy items

enter car

drive to mall

going swimming at a public pool

swim

put on swimsuit

go to pool

going to a fancy restaurant

eat

book reservation

eat

going to a fast food restaurant

eat

order food

order food

going to a friend's birthday party

give gift

receive invitation

give gift

going to a movie with friends

watch movie

choose movie

buy tickets

going to a national holiday celebration

celebrate

choose outfit

go to celebration

going to a school dance

dance

find out date of dance

get ready

going to an amusement park

buy tickets

buy tickets

buy tickets

going to the doctor's office for a check-up leave

book appointment

wait in waiting area

going to the emergency room

realize you need help

check in

going on a school field trip

wait to be seen
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Event

PageRank

CheiRank

2DRank

going to the zoo

look at animals

drive to zoo

drive to zoo

going trick-or-treating on Halloween

return home

put on costume

put on costume

having a tea party

socialize

invite guests

prepare tea

interviewing for a job

answer questions

get contacted for interview

rehearse interview

introducing your boyfriend or girlfriend
to your parents

introduce partner

arrange meeting time

arrange meeting time

listening to someone talk about their
problems

give advice

listen

listen

making a large breakfast on the weekend

eat

turn on stove

turn on stove

making a sandwich

eat sandwich

get bread

add cheese

meeting a celebrity

ask to take photo

ask to take photo

ask to take photo

meeting someone new at school

invite them to lunch

see someone new

introduce yourself

negotiating the price of a used car

make an offer

choose car

make an offer

ordering a pizza over the phone

place order

call pizza place

call pizza place

organizing a potluck dinner

clean up

choose date

set up

picking teams at recess

play

go outside for recess

choose team captains

planting a vegetable garden

water seeds

buy seeds

dig holes

playing a board game with your family

play game

choose board game

play game

playing a video game

play game

choose game

turn on console

yell "bingo" when you win

listen to announcer

match called numbers to
bingo card

play soccer

choose location

score goals

playing bingo
playing in a soccer game
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Event

PageRank

CheiRank

2DRank

playing tag

get tagged

gather players

tag other players

riding the city bus to school or work

board bus

check bus schedule

wait for bus

sharing a toy

get toy back

play with toy

give toy

singing in a school recital

sing

practice

go on stage

spending a day at the beach

swim

pack sunscreen

drive to beach

spending a rainy day inside

sleep

notice that it is raining

watch movie

taking a driving test

follow examiner's
instructions

practice

follow examiner's instructions

taking a piano lesson

book lesson

book lesson

book lesson

taking a shower

dry off

take off clothes

take off clothes

taking a test in school

hand in completed test

study for test

study for test

taking money out of an ATM

take money

insert card into ATM

insert card into ATM

taking your dog for a walk

return home

get leash

put leash on dog

talking with a counsellor

discuss problems

book appointment

discuss problems

teaching someone how to play Tic Tac
Toe

play practice game

draw board

draw board

volunteering at a nursing home

help out residents

call nursing homes

go to nursing home

working a shift as a server in a fancy
restaurant

deliver food to tables

change into uniform

deliver food to tables

working on a group project

submit project

assign tasks

work individually

working out at the gym

shower

get dressed in gym clothes

drive to gym
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Figure S1: Graphic representation of mixed ANOVA results (event category by trait
level) for (A) repetitive behaviours, (B) anxiety traits, (C) ADHD traits, and (D)
schizotypal traits. Note. Error bars are standard error.
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Table S2: Results for average ordering deviation ANOVAs for clinical traits.
Effect

F

df

p

ηp2

Repetitive Behaviours
Event Category

34.77

(2, 242)

<.001

.22

Trait Level

0.08

(1, 121)

.78

.001

Event Category x Trait Level

0.94

(2, 242)

.39

.01

34.54

(2, 242)

<.001

.22

Trait Level

0.82

(1, 121)

.37

.01

Event Category x Trait Level

1.58

(2, 242)

.21

.01

34.57

(2, 242)

<.001

.22

Trait Level

0.08

(1, 121)

.78

.001

Event Category x Trait Level

1.09

(2, 242)

.33

.01

Anxiety Traits
Event Category

ADHD Traits
Event Category

Schizotypal Traits
Event Category

34.20

(2, 242)

<.001

.22

Trait Level

0.01

(1, 121)

.92

.000

Event Category x Trait Level

0.68

(2, 242)

.51

.01
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